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Multigroup radiation transport packages are being
developed in increasing numbers. Thus, the need for
multigroupopacitiesfrom the best available source has
become important for the Laboratory.The TOPS code
was developed to provide tabulated multigroup
opacities based on the data stored on T-4’s Opacity
Library(OPLIB).lIt containsa routine, written by Gary
Pfeufer of Group X-6 at Los Alamos, that writes the
SESAMEtiles. Jack Peterson’s(X-7) memory manager
and parser are both used by the code. The group mean
calculations are earned out by subroutines adapted
from the T-4 group mean codeswritten by Mary Argo.

The opacitiescan be provided in formats suitable for
direct use in existing radiation transport codes. Com-
mands in the TOPS code allow you to specifi the
desiredtile format for the data, the photon energygroup
boundaries,and an arbitrary densitygrid. Interpolation
on temperature is not supported, so user-defined tem-
perature grids are restricted to subsets of the tempera-
ture grids for which the OPLIB data are tabulated. You
can arbitrarily mix any available OPLIB materiak.
There are 51elements for which OPLIB data have been
calculated, so most mixtures of interest can be calcu-
lated. You can also scale the data by atomic weight to
obtain opacitiesfor any isotopesof existingmaterials.

The time required to run TOPS depends, of course,
on the size of the density, temperature, and photon
energygrids and on the number of elements in a mix-

ture. Our experience indicates that a single tempera-
ture/density point for one material with the default 33
photon energy groupsrequires approximately 0.01 s of
CPU time. The 1/0 time vanes substantiallyfrom case
to case but seems to average 25%of the CPU time for
cases requiring substantial amounts of c
Thus, for reasonable temperature and density grids of
around 30 points each, you can expecta total time of 10
to 20 s for a pure element. Mixtures require an addi-
tional 20 to 30s per material to generatean OPLIB-type
file for the mixture before you can perform the group
mean calculation.

TOPS containsa routine providedby Gary Pfeuferto
fetch the needed OPLIB files from the Common File
System(CFS).Sincethe OPLIBdata filesare quite large,
it takesappreciabletime to retrievethem from CFS.Our
experiencehas been that a 10- to 30-min wait can be
expectedfor one complete material.

In Sec. II we give some cautions on the use of the
code. Section 111contains a description of commands
available.Severalexamplesof the useofTOPS are given
in Sec. IV and details of the opacity calculationappear
in Sec.V. A summary of the STYX2tile format appears
in the appendix.

C

As with any code, it is possible to attempt to use
TOPS such that it willproduceunreasonableresults.



Although the code does have a procedure for inter-
polation on density, there is no provision for extrapola-
tion. Generally, the OPLIB data go to sufficientlylow
densityto meet all reasonablerequests.However,at low
temperatures, the upper limit on density can be fairly
low. Since the code generates a rectangular den-
sity/temperature grid, it invariably has densities that
exceedthe maximum availableat low temperatures. In
that case, the code calculates a gray opacity from the
data at the highestdensityavailableand uses that num-
ber for the opacity in every photon energygroup.Thus,
a plot of opacityversusphoton energyat a high density
and low temperature willbe a straight line. A record of
densitiesfor which this occurs is written as a text fileto
TAPE6.

The TOPS code does calculate a gray opacity, but
only over the frequencyrange of the photon groups for
which the multigroupopacitieswere requested.Thus, if
you request muhigroup opacitiesfor only a small range
of photon energies,the gray opacity will not be correct.
A reasonablelowerbound for photon energiesis 1%of
the lowestmaterial temperature requested. A good up-
per bound for photon energies is 30 times the highest
material temperature.

A plasma cutoff frequency is calculated in TOPS.
Photonsbelowthis cutoffare completelyabsorbed. For
any photon energygroupwith a lowerbound lowerthan
the plasmacutoff, the code sets the opacity to the value
1.E1O.

As describedin the OPLIB data section,Sec. IV, the
OPLIBdata end at a photon energyequal to 30times the
material temperature. For photon energygroups higher
than this limit, the opacity is calculated through ex-
trapolationsof bound-freecross sections.At some den-
sity/temperature points there can be a slight dis-
crepancy,about 10%,at the matchingpoint.

For some temperature/density points for some
materials, a differencein interpolation procedureswill
cause a small differencebetween the gray opacity from
TOPS and the SESAMEopacity.A spline fit to the gray
opacities is used to obtain a rectangular tempera-
ture/density grid for SESAME.In TOPS, a linear inter-
polation on the OPLIB data is performed first, then the
opacityis calculatedfrom the interpolateddata.

C

Two versionsof the executablecodeexist, one for the
CRAY-1and one for the CRAY X-MP. They are stored

on CFS under the root node /T40PLIB, with subdirec-
tories CRAYIS and CRAYXMP. A specialpasswordis
required to accessthe root node /T40PLIB. The code is
named TOPS under either directory.

Allmaterialsare on the root node/T40PLIB. The file
AVMAT under this directo~ has a summary of
materialsavailableto TOPS. Foreach material there is a
name followedby a range of twodigit suffix numbers.
The name is keyed to the SESAME material ID cor-
responding to the 502 table. A directory tile is stored
with this name.The twodigit suffixnumbersare needed
becausemore than one data file is needed per material.
For example,hydrogenhas the root symbolt15250and
the sufllx numbers are 01-04. Thus, the files t15250,
t1525001, t1525002, t1525003, and t1525004 are all
needed to run TOPS on hydrogen. TOPS contains a
routineprovidedbyGary Pfeuferto fetchfilesfrom CFS
so that if the data tilesare not in the localspacethey will
be retrieved, if possible, from CFS. It does take some
time to get the filesover from Cl%. The data files are
large,around 1.5million words decimal each, and they
tend to quicklymigrateto archival storage.

TOPS does not interpolateon temperatures.You can
pick a subset of the temperatures available for a given
material. Thus, beforedefininga temperature grid, you
must specifi a material so TOPS will have the correct
default temperature grid. Any command line may be
continuedby makingthe last characteron the linean &.

TOPS cannot read commands from an input file.
However, several utilities will read commands from a
file and pass them to a code. We have been using the
XEQ3utility.The usageform is simply

XEQ filename
where filename consists of commands for XEQ. In
general,the lines in filenamestart with either a $ or a C
in column one.The $ signifiesa code to be executedand
the C a command to be sent to the code. Thus, the first
line in filenamewould be $TOPS. After this would be
commands,each with a C, in column one.

The descriptions of the commands are grouped by
command function in the followingsections.SectionA
describesthe Fand M commands. Commands to set the
temperaturegridare explainedin Sec.B.SectionC gives
the density grid commands. The photon energy grid
commands are given in Sec. D. Section E contains
commands relating to the multigroup opacity files.
SESAMEfilecommands are described in Sec. F. Com-
mands involvingmaterial properties are in Sec. G and
all other commands are in Sec. H. Table I lists all
commands.
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F rl syml rzsym2 o 0 “

This command defines the material, a procedure
necessarybefore you use any of the temperature com-
mands. The values of sym must correspond to OPLIB
materials that are on the root node /T40PLIB or that
are in your localfilespace.The file/T40PLIB/AVMAT
hasa list ofavailablematerialsand TOPS has the ability
to fetch the needed files from mass. The tile AVMAT
can be listed by TOPS with the command AVMAT. If
the file is not local,TOPS will fetch it from mass. The
valuesof r correspond to number amounts of materials
to be mixed. They need not be normalized. TOPS will
generate number fractions normalized to 1. For exam-
ple,you mightwish to mix two parts of material t15250
and one part of material tl 5010. You can accomplish
this with the command

F 2. t15250 1.t] 5010

atter which TOPS WI1lask tor a name for the mmture.
The name must contain no more than sixcharactersand
must begin with an ,alphabeticcharacter. Suppose it is
given the name WATER. TOPS will then perform the
mix and store the OPLIB-typedata with the file name
WATER and display the temperature grid for which
data are available.If you had requested only one mate-
rial, that is, no mixture, there would not have been a
request for a tile name and the temperature grid would
have been displayed immediately. Once you have
created the tiles with name WATER, they are treated
exactly as any other OPLIB-type tiles. You can save
them for future use.

A complicationarises if you wish to mix a premixed
material with another material. For example, suppose
you want to mix one part of material t17830 with the
material WATER from the example above to form a
mixture of one part t17830, two parts t15250,and one
part t 15010.Of course,you could use the command

F1.t178302. t15250 1.t15010

to obtain the mixture. However,you might wish to use
the premixedmaterialWATER.The problemis that the
WATER directory tile contains number fractions nor-
malized to 1. In other words, it does not contain the
number fractions as 2 parts t15250 and 1 part t15010,
but rather it has 0.6666667part t15250 and 0.3333333
part t15010.Thus, to get back to the desired number
fractionsyou must, in effect,un-normalize the number
fractionsby multiplyingby 3. Thus the command

F 1.t178303. WATER

will produce the desired mixture. Again, the name for
the new material must not contain more than six
characters. Thus you could name this new material
CWATERbut not SEAWATER.

M ml syml m2sym2 o s “

This command is similar to the F command except
that the amounts of materials are specifiedin terms of
mass fractions. The complication in mixing premixed
materialswith the F command doesnotarise with the M
command since masses are being mixed. Thus, if you
wanted to mix I g of material T17830 with 1 g of the
premixed material WATER from the example above,
the command

M 1t17830 1 WATER

wouldproduceIhe desiredmixture.
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T C RLOG n rlOWruP

T t,tzt3“ - “

The T command allows specific temperatures (in
kev) to be entered. TOPS compares these temperatures
to the default grid for the material and keeps only
temperatures that match ones in the grid. The valid
temperatures are then displayed.The T command will
not t%nctionuntil a material is defined. When you
define a new material, the temperature grid is reset to
the default temperaturegrid of the new material.

TINT tl.~tuP

This command letsyou keep all grid temperatures in
the interval between tl.~ and tuP.The resulting set of
temperaturesisdisplayed.The TINT command willnot
function until you definea material. When you definea
new material, the temperature grid will be reset to the
defaulttemperaturegrid of the newmaterial.

TBY n

This allowsyou to thin the default temperature grid.
For example n = 2 will pick every other temperature.
The resultingset of temperaturesis displayed.The T13Y
command willnot function until you definea material.
When you define a new material, the temperature grid
willbe reset to the default temperature grid of the new
material.

C

The R command lets you specifi densities in g/cm3.
TOPS will interpolate on densities but will not ex-
trapolate. If a density is greater than OPLIB has avail-
able at a given temperature, TOPS will use the highest
density point available from the OPLIB data. These
&ta will then be collapsed to a gray opacity and that
value willbe used as the group mean opacity for every
groupforthe requesteddensity.A record of the densities
for which this occurs is written to TAPE6. The max-
imum number of densities allowed is 100.The default
density grid consists of 17 densities with logarithmic
spacingbetween0.005and 500g/cm3.

The RLOG command lets you set up a logarithmic
grid of n densitiesbetween rlOWand ruP.The procedure
described in R above is used on densities high;r than
availableOPLIBdensities.

RLIN n rl.~ruP

The RLIN command is similar to the RLOG com-
mand exceptthat a lineargrid is used.

Gel eze3 . . .

The G command lets you enter photon energygroup
bounds in keV. Note that there must be two bounds to
define one photon group. Currently there is an upper
limit of 1000photon energies.TOPS contains a default
photon energygrid with 33groupsbetween0.00001and
300keV.It shouldbe mentioned that TOPS calculatesa
plasma cutoffphoton energy.If the lowergroup bound
for a group lies below the cutoff, the opacity for that
group is set to l.e10.

GLOG n eloweu~

The GLOG command lets you set up a logarithmic
gridof photon energies.

GLIN n elo~e.P

The GLIN command lets you set up a linear grid of
photon energies.

M

MG O

The MG command lets you specifi what to do with
the multigroupopacities.The option S writesa STYX2
file.The appendix describesthis file. Gary Pfeufer has
written an interfacefor accessingand manipulatingdata
from a STYX file.4The option M writes a sequential
binary tiletoTAPE11. The option T writesa BCDfileto
TAPE7, which is formatted for use in the CURVESS
code. BOTH combines the S and M options, ALL



combinesthe S, M, and T options,and F turns offall the
multigroupfileoptions. The default is to write a STYX
fileto a tile named STYXU. FilesTAPE7 andTAPE11
can be renamed on the executeline by

TOPS Tape7=fnamel Tapel l=fname2 / t p

MGF fname

This command letsyou specifythe filename to which
the STYX file will be written. The default name is

MGID n

This command lets you
number for the multigroup

specifj an identification
opacities for the current

material. It must be an integer between 10000 and
19999.The default value is 19000.If IDS is not set to
false,MATID willautomaticallybe set equal to MGID.

C

SESTT/F

This command lets you specifj whether to write a
SESAMEtype 502table. The option is either T for true
or F for false.The default is T.

SESFfname

This command letsyou specifi the name of the fileto
which the SE.SAME-typedata are to be written. The
defaultfilename is SESAMEU.

MATID n

This letsyou specifyan identificationnumber for the
current material for the SESAME-typefile.The number
must bebetween 10000and 19999sinceonlya 502table
isbeingwritten.The default is 19000.If IDS is not set to
false,MGID willautomaticallybe set equal to MATID.

IDS T/F

If IDS is set to true, when you enter a new MATID,
MGID will be set to the same value and vice versa. If
IDS is set to false, MGID and MATID are totally
independent.The default is for IDS to be true.

Property

SCALErscale

The scale command lets you scale opacities for dif-
ferent isotopes.The factor rscale is defined as the ratio
of the desiredatomic weightto the actual atomic weight
of the available material. For example, to obtain
opacitiesfor tritium Rom hydrogen,you would use the
factor rscale=3. It is possibleto find the atomic weight
of the current material with the ATWT command.

ATWT

This command has no arguments. It simply displays
the atomic weightof the current material.

z

This comma~d has no arguments. It.simply displays
the z of the current material.

DAWatwt

This command lets you set the scale factor without
having to form the ratio explicitly.The number atwt is
the desired atomic weight.For example, if you wanted
the opacitiesfor carbon 13you would use the data files
for carbon and the DAW command with the atwt set to
13.

M

MASST/F

The mass command turns the mass fetch command
on or off. The default is to attempt to fetch files from
mass.

AVMAT

The AVMATcommand displaysthe currently avail-
able materials.

HELP

The HELP command, with no argument, simply lists
the availablecommands with no explanation.You can
obtain information about a particular command by
typingHELPcommand, wherecommand is the name of
the command for whichyou want information.
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GO

This command initiates the group mean routines in
TOPS.

END

If this command is not self+xplanatory,pleasedo not
attempt to run TOPS.

E

P

The simplestcase is that of a singleelement usingthe
default temperature, density, and photon energygrids.
We illustratewith materialT15250(Fig. l.).

For this caseall the data tileswere local,so TOPS did
not need to retrieve any tiles from CFS. Only three
commands were used: F, GO, and END. On comple-
tion, the filesSE.SAMEUand STYXU wouldbe in your
localfilespace.

M P

This case illustrates mixing two OPLIB materials
(Fig.2.).

Note that you can use any name for the mixture data
as long as the name is six or fewer characters and the
first character is alphabetic. Also note that TOPS will

not allow use of the same material number more than
once on either SESAMEU or STYXU. Since both of
those filesare random accesswith a directory sectionat
the beginning,it is easy to check the existenceof mate-
rial numbers.This is not true for the tile written to unit
11, which is a sequential file. Thus, no checks are
performed on material numbers on that tile and you
must be carefulto changethe MGID each time you add
a material.

“

Wenowillustratetusingvariouscommands to set up a
varietyof temperature,density,and photon energygrids
(Fig.3.).

Note that if a temperature-basedcommand gives an
empty set of temperatures, the code reverts to the de-
fault grid. If you request too many densitiesor photon
energies,the number is reset to the maximum allowed.
Redefininga material resets the temperature grid but
doesnot changethe densityor photon energygrid.

C

SectionA describesthe OPLIB1data. Section Bgives
detailsof the group mean calculation.The method used
to extrapolatebeyond u = 30 is described in Sec.C and
mixturesare discussedin Sec.D.

t
This version of T w l m 6
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command
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5
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5 O 0 5 O O 0
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command
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command
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e

Fig.L S i n gu t d et e md ea p energygrids(materialT15250).
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Fig.2. MixingtwoOPL113materials
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The T-4 opacity libraryl is the basis for all group
mean opacities computed by TOPS. The library con-
tainsopacityinformation forvanouselements and mix-
tures.AlltheSESAMEgray opacitieshavebeenderived
from the T-4 opacity library.For each material opacity,
data are tabulated on apiecewise rectangular tempera-
ture(T)degeneracy parameter (q) grid. The degeneracy
parameter q is related to the chemical potential and
increaseswith increasing density for a fixed tempera-
ture.

The library isbased on degeneracyparameter, sothe
opacity of a mixture may be easily calculated. The
temperature grid is presented in Table II and thede-
generacyparametergrid ispresented in Table III.

T

.800
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Fig.3. Variouscommandstosetupavariety oftemperatures,density,andphoton energygrids.
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No data for temperatures less than 0.05 keV are
present for high-Zelements (Z>30) and mixtures con-
taining high-Zelements. Also, for such materials the q
grid startsat about -25.

In general,data for high values of q are missing for
lowvaluesof T. As the temperature increasesthe set of
degeneracyparametersbecomesmore complete.

The data stored at each q,T point consist of reduced
extinction(Dt)and scatteringcoefficients(D,) tabulated
on a fixedgrid of 3000reduced photon energies,u, plus
other related quantities.

The reducedphoton energyis givenby

‘ ‘
(1)

where hv is the photon energy and kT is the tempera-
ture. Both must be given in consistentenergyunits. The
3000u valuesrangefrom0.01to 30with a linearspacing
Au of 0.01.Note that the actual photon energiesstored
foreach temperature willbe different.

and the Rosseland absorption group mean opacity is
computedusing

‘ ~ “2( ~,J‘R’– IR ., (

where

A = 1 .X 10-5(kT)M , (4)

WRis the Rosselandweightingfunction,

W = # u e ( – e ,

IRis the normalizationintegral

IR.
f

‘2 U4e–u du
“, (1– C-”)2 ‘

(5)

UIis the u valueassociatedwith the lowerphoton energy
bound, uz is the u value associated with the upper
photon energybound, kT is the temperature expressed
in keV, and M is the atomic weight. The reduced
absorptioncoefficientsare calculatedusing

D, (U) = D, (u) – D, (U) . (7)

The Planckgroup mean opacityis computed from the
D’susing

1
–f

‘

‘p = Ap 1P “1 WPD, du ,

Input to the code the values of temperature, mass
density, and the bounds of photon energy intervals for
whichopacitiesare desired.Temperatures are restricted
to those present on the opacity library (Table H). The
codeobtainsthe extinctionand scatteringcoefficientsat
arbitrary values of mass density by linearly interpolat-
ing the opacity library values stored at the bracketing
mass densities. The group mean opacities are then
obtainedby performinga weightedaverageof the inter-
polated D coefficientsover the specifiedphoton energy
bounds.

The Rosselandtotal group mean opacityis computed
from the D’sby

-, _ ‘ “2( w R,J‘R’– K “,
(2)

(6)

C
where

(u) = ; e-”

and

E u =

(8)

(9)

If the photon energy bounds exceed the opacity
librarylimit of u = 30 for a given temperature, the code
uses extrapolaticmto evaluate the D’s. Sometimes this

9



procedure may not join smoothly with the opacity
librarydata becauseof slightinconsistencies.For u>30
the total crosssection is computed from

(J, = Q + am + 6, , (11)

where at is the total cross section, ~ is the bound-free
cross section, offis the free-freecross section,and G is
the scattering cross section. All cross sections are in
units of cmz.

To compute the bound-free cross sections, the code
scalesthe neutralbound-freecrosssectionsaccordingto
the shell occupation numbers of the ion. Hence the
bound-freecrosssectionisgivenby

whereMjis the occupationnumber of shellj for the ion,
Nj is the occupation number of shell j for the neutral,
and ~jis the crosssectionfor photonization from shellj
of the neutral atom. TOPS obtains the ion occupation
numbers by fillingthe most tightlybound shellsof the
neutral atom according to the number of bound elec-
trons of the ion. The bound-freecross-sectiontits and
neutral occupation numbers are obtained from the
TOPSDB file and the number of bound electrons are
obtained from the opacitylibrary.

The code computes the free-freecontribution to the
total cross section by extendingthe free-freereduced D
at u =30 [DA30)]to higher u values according to the
formula

M Dfl(30)
am(u) = —

pANO U3 ‘
(13)

whereNOisAvogadrosnumber. D~30) isobtained from
the opacitylibrary.

To obtain the scattering cross section, TOPS ex-
trapolates scattering cross section at u = 2900 and
u = 3000to highervaluesof u. If the extrapolatedvalue
exceedsthe limit

“;z (1 – .21169 X 10-’kT) ,0; = —
0

(14)

IS,is set to the limit a,’. In Eq. (14) Z is the average
atomic number.

Note that reduced D coefficientsmay be calculated
from crosssectionsusingthe formula

pANO U3
D(u) = —M (1 – e-”) ~(u) .

(15)

If you specifi a mixture of OPLIB materials (an For
M command involving more than one name), OPLIB
tiles are created for the mixture and can be used to
calculategroup opacities for the mixture. The mixture
filewillcontainonlythoseIIand T pointscommon to all
constituents. TOPS calculates the reduced D-coeffi-
cientsfora givenq and T by using

D(u) = ~ riDi ( , (16)
i

whereri is the normalized number fraction for material
i, Di is the D-coefficientfor material i, D is the D-
coefflcient for the mixture, and the sum is over all
materials. Other parameters stored on the OPLIB files
are also adjusted to reflect the composition of the mix-
ture.
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I

Afterthese31wordsare stringsof data as follows:

2.

3.

4.

5.

A set of natural logarithms of temperatures, NT in
number
A set of natural logarithmsof densities,NR in num-
ber
A set of natural logarithmsof photon energies,NB in
number.
A set of packednatural logarithmsofabsorption and
scattering multigroup opacities, with temperature
beingthe outer loop,densitythe next inner loop,and
photon group,the innermost loop.
A set of natural logarithms of total gray opacities,
with temperature being the outer loop and density
the inner loop.
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